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The g e n e r a l  a n a l y s e s  o f  the  gas- off  p r o d u c t s  by gas  
chromatography were performed on a n  F&M Model 810 Research  Gas 
Chromatograph equipped w i t h  d u a l  flame i o n i z a t i o n  d e t e c t o r s .  
I n  most cases, a g e n e r a l  purpose  double  column, 20- f t  x 0.25- in.  
ss. 5% Carbowax 20M on 60/80 mesh Gas Pack F w i t h  a pre-column 
of 1 2 - f t  x 1/8-in.  ss. 7% neopentylglycolsuccinate on 60/80 
mesh Gas Pack F ( t e m p e r a t u r e  programmed 50-185OC at  10°C/min) 
w a s  used because  of  i t s  e x c e l l e n t  p a r t i t i o n i n g  p r o p e r t i e s  f o r  
b o t h  p o l a r  and nonpo la r  compounds. The pre-column of neopen ty l -  
g l y c o l s u c c i n a t e  p rov ided  a l i q u i d  sys tem t o  a id  i n  p a r t i t i o n i n g  
t he  sample a t  t e m p e r a t u r e s  a t  which t h e  Carbowax 20M s e c t i o n  
was s t i l l  s o l i d .  Other columns were employed as needed. 
Q u a n t i t a t i v e  gas chromatography data were ob ta ined  by com- 
p a r i n g  t h e  peak h e i g h t s  w i t h  t h o s e  o f  a s t a n d a r d  mix tu re .  
chromatographic  i n s t r u m e n t  c o n d i t i o n s  are p r e s e n t e d  i n  
Appendix 11, Table  XXCV. 
Gas 
I d e n t i f i c a t i o n s  of gas  chromatographic  f r a c t i o n s  were made 
by c o l l e c t i n g  components from the  e f f l u e n t  gases and by subse-  
q u e n t l y  c h a r a c t e r i z i n g  them w i t h  mass spec t romet ry  or i n f r a r e d  
spec t ropho tomet ry .  F r a c t i o n s  were i s o l a t e d  by s p l i t t i n g  t h e  
e f f l u e n t  g a s e s  t o  pe rmi t  a small p e r c e n t a g e  (10%)  t o  p a s s  
through t h e  flame i o n i z a t i o n  d e t e c t o r  and t o  d i r e c t  the  res t  
through the  t r a p p i n g  s y s t e m .  Most of  t h e  components were i s o -  
l a t e d  by u s i n g  g l a s s  c a p i l l a r i e s  tha t  were packed with 5% 
Carbowax 20M on 60/80/mesh Gas Pack F s u b s t r a t e  and coo led  to 
-195OC (F ig .  1). 
b. Mass S p e c t r o m e t r i c  A n a l y s i s  of G a s - O f f  P roduc t s  
Mass s p e c t r o m e t r i c  a n a l y s e s  were performed by t a k i n g  an 
a l i q u o t  (125 m l )  o f  t h e  atmosphere o f  t h e  9- l i t e r  b o t t l e  ( R e f .  1). 
Measurements were made w i t h  a Conso l ida ted  Elec t rodynamics  
Corpora t ion  Model 2l-lO3C Mass S p e c t r o m e t e r ,  
I d e n t i f i c a t i o n s  of i n d i v i d u a l  components were made by mass 
spec t romet ry  and were s u p p o r t e d  by i n f r a r e d  a b s o r p t i o n  and by 
gas  chromatographic data as needed. Most of  t h e  mass s p e c t r a  
o b t a i n e d  were compared t o  API  (American Pet ro leum I n s t i t u t e )  
r e f e r e n c e  s p e c t r a .  I n  c a s e s  where t h e  r e q u f r e d  mass spect rum 
does n o t  appear i n  t h e  API c o l l e c t i o n ,  comparison was made w i t h  
s p e c t r a  from o u r  l a b o r a t o r y  f i l e s  o r  from t h e  l i t e r a t u r e .  
6 
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Table I1 
TYPES OF COMPOUNDS .DETECTED 
I. Inorganics 
Ammonia 
Carbon Monoxide 
11. Alkanes 
C2 Hydrocarbon(s) 
C4 Hydrocarbon(s) 
C5 Hydrocarbon(s) 
C7 Hydrocarbons 
Cg Hydrocarbons 
C10 .Hydrocarbons 
Methane 
3-Methylhexane 
c6 Hydrocarbon(s) 
c8 Hydrocarbon 
111. Alkenes 
Butene 
Dimethylbutene 
Ethylene 
Methylbutene(s1 
C5 Unsat. Hydrocarbons 
c6 Unsat. Hydrocarbons 
C7 Unsat . Hydrocarbons 
c8 Unsat. Hydrocarbons 
Cg Unsat. Hydrocarbons 
C10 Unsat. Hydrocarbons 
Is obut y lene 
Methylpropene 
Trichloroethylene 
Tetrafluoroethylene 
Trimethylhexane 
Trimethylhexadiene ( s  ) 
10 
Table I1 - Continued 
IV. Alcohols 
n-Butanol 
sec-But anol 
t ert -But ano 1 
2-(2-Butoxybutoxy) Ethanol 
2-n-Butoxy Ethanol 
Diacetone Alcohol 
Ethanol 
2-Ethoxyethanol 
2-(2-Ethoxyethoxy) Ethanol 
Isopropanol 
Mesityl Oxide 
Methanol 
2-Methoxyethanol 
2-Methy1,l-butanol 
2-Methyl,2-butanol 
2-Methy1,l-propanol 
2-Methyl,2-propanol 
2-Phenyl,2-propanol 
n-Propanol 
2-Buta0l 
V. Alkyl Halides 
Chloroform 
Homologous Series of Chloro-fluorocarbons 
Methylene Chloride 
l,l,l-Trichloroethane 
Trichlorofluoromethane 
VI. Carboxylic Acids and Their Derivatives 
Acetic Acid 
2-(2-Butoxybutoxy) Ethyl Acetate 
2-n-Butoxyethyl Acetate 
y-Butyrolactone 
2-(2-Ethoxyethoxy) Ethyl Acetate 
2-Ethoxyethyl Acetate 
Ethyl Acetate 
High M.W. Ethoxy Carboxylic Acid Esters 
Methyl Tiglate 
Tiglic Acid 
11 
Table I1 - Continued 
VII. Aldehydes 
Benzaldehyde 
Butyraldehyde 
2-Furaldehyde 
2-Methyl,2-butenal 
VIII. Ketones 
Acetone 
Acetophenone 
2-Butanone 
Methyl Cyclohexanone 
4-Methyl,2-pentanone 
IX. Ethers 
Diethyl Ether 
l,+Dioxalane 
1,bDioxane 
Ep i ch l o r  o hy drin 
Ethylene Oxide 
N-Methyl Morpholine 
X. Aliphatic Nitrogen Compounds 
Dimethylamine 
Nit r ome t han e 
XI. Cyclic Hydrocarbons 
Cy c 1 o hex ane 
XII. Benzene and Its Homologs 
C 3  Alkyl Benzene(s) 
C4 Alkyl Benzene(s) 
C5 Alkyl Benzene(s) 
Benzene 
Ethyl Benzene 
Methyl Ethyl Benzene 
Phenyl Pentane 
Toluene 
Xylene 
12 
Table I1 - Continued 
XIII. Aryl Halides 
Dichlorobenzene 
XIV. Aromatic Hydroxy Compounds 
Phenol 
XV. Aromatic Acids and Their Derivatives 
2,4-Dichlorobenzoic Acid 
XVI. Silicon Compounds 
Trimethyl Silanol 
Various Cyclic and Linear Methylsiloxane 
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Hydrocarbons are f r e q u e n t l y  l i s t e d  on ly  by carbon number. 
From obse rva t ions  of  the  chromatograms, i t  w i l l  b e  no ted  tha t  
a hydrocarbon of a g iven  carbon number may have any one of a 
v a r i e t y  o f  r e t e n t i o n  times. The approximate o r d e r  i n  which 
hydrocarbons e l u t e  w i th  t h e  p a r t i c u l a r  column c o n f i g u r a t i o n  
used f o r  t h i s  s tudy  i s :  
t h e n  a l i p h a t i c  u n s a t u r a t e s ,  c y c l i c  s a t u r a t e s ,  and, f i n a l l y ,  
c y c l i c  u n s a t u r a t e s .  O f  course ,  t h e  degree of branching  a l s o  
i n f l u e n c e s  t h e  r e t e n t i o n  t i m e .  
a l i p h a t i c  s a t u r a t e d  hydrocarbons f i rs t ,  
There are s e v e r a l  o t h e r  cases  where t h e  gas- off p roduc t s  
are c a l c u l a t e d  c o l l e c t i v e l y .  During gas- off s t u d i e s  ( R e f .  1) 
i n  t h e  past,  a series of v o l a t i l e  l i n e a r  and c y c l i c  s i l o x a n e  
polymers (having  d imethyl  s i l o x y  groups as monomer u n i t s )  have 
been observed from c e r t a i n  s i l i c o n e  base materials. T h i s  vola-  
t i l e  p o r t i o n  i s  l i s t e d  i n  t h e  tables simply as s i l i c o n e  o i l .  
The cand ida te  material, F luoro lub  O i l  FS-5 (AF 3 0 5 ) ,  gave 
gas- off  p roduc t s  composed of ch lo ro f luo roca rbons  o f  v a r i o u s  
cha in  l e n g t h s .  
p roduc t s  t h a t  a r e  p r e s e n t  i s  r e p o r t e d .  
A va lue  f o r  t h e  t o t a l  amount of  these gas- off 
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SECTION I11 
ANALYSES OF BIO-ENVIRONMENTAL ATMOSPHERES 
A p o r t a b l e  s y s t e m  f o r  c ryogen ic  t r a p p i n g  o f  a tmospher i c  
contaminants  from bio- envi ronmenta l  chambers was c o n s t r u c t e d  
t o  be  used  a t  Wright- Pat te rson  A i r  Force  Base. F ron t  and back 
views of  the  s y s t e m  are shown i n  F i g u r e s  '4 and 5. For  o n- s i t e  
use ,  t h e  Welch Duo-Seal vacuum pump (shown i n  F i g u r e s  4 and 5 )  
was r e p l a c e d  w i t h  a B e l l  & 'Gosset t ,  I n c .  high-volume o i l - l e s s  
vacuum pump. T y p i c a l  Pyrex t raps  ( f i t t e d  w i t h  q u a r t z  baf f les )  
t h a t  are used  w i t h . t h e  c ryogen ic  s y s t e m  are shown i n  F i g u r e  6 .  
Contaminants are c o l l e c t e d  a t  three d i f f e r e n t  t e m p e r a t u r e s  
IOo, -76O, and -175O ( o r  -195OC)I by p a s s i n g  t h e  a tmospher ic  
gas o f  the  chamber s e r i a l l y  through t h e  t r aps .  
Bio- environmental  Sample No. 1 was c o l l e c t e d  from Thomas 
Dome No, 4, Thomas Dome No, 4 housed dogs and monkeys a t  
5 -ps i a  oxygen, The c o o l a n t s  used i n  t h e  three  t raps  o f  the  
c o l l e c t i o n  t r a i n  were i ce- wate r ,  d r y  ice- methylene c h l o r i d e ,  
and l i q u i d  n i t r o g e n .  Twenty l i t e r s  of a i r  were drawn through 
t h e  t r a p p i n g  s y s t e m  a t  t h e  r a te  o f  150 ml/min. I n  a d d i t i o n ,  
a specimen of  a i r  from t h e  dome was c o l l e c t e d  f o r  t h e  a n a l y s i s  
of  noncondens ib le  gases. An a n a l y s i s  of  t h e  dome atmosphere i s  
g iven  i n  Appendix 111, T a b l e  XXCVI .  
A s o l i d  w h i t e  material from Bio- environmental  Sample No. 1, 
c o l l e c t e d  i n  t h e  i c e  water tpap ,  was i d e n t i f i e d  as a mixture  o f  
ammonium compounds t h a t  were t e n t a t i v e l y  c h a r a c t e r i z e d  for t h e  
most p a r t  as ammonium s u l f a t e ,  s u l f i t e ,  and/or  b i s u l f a t e ,  No 
l i t h i u m  c a r b o n a t e  was d e t e c t e d .  
Methylene c h l o r i d e ,  which was found i n  t h e  t raps ,  a t  f i r s t  
was though t  t o  be  t h e  p r o d u c t  f rom a s l i g h t  leak which al lowed 
t h e  methylene c h l o r i d e  from t h e  d ry- ice  t r a p  t o  e n t e r  t h e  tsap 
mani fo ld .  However, s ince '  t h e  compound was a l s o  p r e s e n t  i n  t h e  
sample of un t r apped  a i r ,  i t  i s  b e l i e v e d  t o  a c t u a l l y  be  p r e s e n t  
i n  the  dome atmosphere. 
Bio- environmental  Sample No. 2 c o n s i s t e d  o f  a c y l i n d e r  o f  con- 
tamina ted  a v i a t o r ' s  b r e a t h i n g  oxygen. The i d e n t i t g  o f  contami-  
n a n t s  which caused  nausea  were sough t .  Two i m p u r i t i e s  were 
found and are l i s t e d  i n  Appendix 111, T a b l e  X X C V I I .  
Figure  4.  Cryogenic Trapping System for Bio- environmental  
Experiments (F ron t  V i e w ) .  
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Figu re  5. Cryogenic Trapping System f o r  Bio- environmental  
Experiments (Rear V i e w ) .  
F i g u r e  6. P y r e x  Traps  and Attachments Used 
w i t h  Cryogenic Trapping System. 
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Bio- environmental  samples No. 3 and No. 4 were c o l l e c t e d  
from t h e  atmosphere of a t e s t  chamber i n  which an a c c i d e n t a l  
s p i l l  o f  the  f u n c t i o n a l  f l u i d ,  Hydrotherm 7OOB (composed of 
mixed c8 s i l i c a t e s ,  e.g. ,  n - o c t y l  and e t h y l h e x y l  s i l i c a t e s )  
had occur red .  
I n  Sample No. 3 ( t h e  f i r s t  specimen c o l l e c t e d  from the  
chamber) two o f  t h e  components were t h e  same as t h o s e  of the  
p r o d u c t s  o b t a i n e d  by h y d r o l y s i s  o f  t h e  f u n c t i o n a l  f l u i d .  I n  
a d d i t i o n ,  a t h i r d  component ( t r i c h l o r o e t h y l e n e )  was d e t e c t e d .  
chamber had been f l u s h e d  wi th  a i r .  The same components (bu t  
a t  a much lower l e v e l )  that  were found i n  Sample No. 3 were 
d e t e c t e d  i n  Sample No. 4. Data f o r  Samples No. 3 and No. 4 
are shown i n  Appendix 111, T a b l e  X X C V I I I .  
Sample No. 4 was c o l l e c t e d  from t h e  chamber a f te r  t h e  
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SECTION IV 
CONCLUSIONS 
Gas-off p r o d u c t s  from c a b i n  materials are n o t  mys te r ious  
fumes, but  are, most ly ,  commonplace chemicals .  A s  expec ted ,  
the major y i e l d s  o f  gas- off  p r o d u c t s  occur  w i t h  t h e  p a i n t  and 
c o a t i n g  c a n d i d a t e s ,  which desorb  en t rapped  s o l v e n t s  and p las t i-  
c i z e r s .  Lesser, y e t  s i g n i f i c a n t  amounts of contaminants  r e s u l t  
from o x i d a t i o n ,  h y d r o l y s i s ,  and s u b l i m a t i o n  p r o c e s s e s .  
Even a f te r  p r e t r e a t m e n t  a t  25OC and 0 . 1  torr, c o n s i d e r a b l e  
amounts (up t o  80 m g / l O  grams of  c a n d i d a t e  material) o f  gas- off  
p r o d u c t s  have been d e t e c t e d  from materials ( s u c h  as c o a t i n g s ,  
p a i n t s ,  and a d h e s i v e s )  t h a t  were prepared i m m e d i a t e l y  p r i o r  t o  
t e s t i n g .  I n  most c a s e s ,  larger amounts of contaminants  a r e  ob- 
s e r v e d  a f t e r  1 4  days a t  68Oc, t h a n  are observed a f t e r  30, 60, 
and 90  days a t  25OC. 
S u r p r i s i n g l y  h igh  l e v e l s  of carbon monoxide have been ob- 
s e r v e d  f o r  some materials when s t o r e d  f o r  1 4  d a y s  a t  68OC. I n  
some c a s e s ,  ex t remely  large i n c r e a s e s  (200- fo ld )  i n  t h e  carbon 
monoxide l e v e l  were observed when t h e  s t o r a g e  t e m p e r a t u r e  was 
raised from 25OC t o  68OC. 
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Figu re  1 0 .  Gas Chromatogram of  G a s - O f f  P roduc t s  from 
I r r a d i a t e d  P o l y v i n y l i d e n e f l u o r i d e ,  RT 850 
(AF 010) ( 1 4  days  @ 68°C) 
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P h e n o l i c  Res in .  BKS-2600 (AF 020) 
S t o r a g e  C o n d i t i o n s  - 14 days Q 68°C 
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Figure 16. Gas Chromatogram of Gas-Off Products from 
Phenolic Resin, BKS-2600 (AF 020) 
(14 days @ 68Oc). 
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Melamine, Modified, U-86-F (AF 025)  
Storage Conditions - 30 days @ 25°C 
A = Air 
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F i g u r e  18. Gas Chromatogram of  Gas-Off P roduc t s  from 
Melamine, Modified,  U-86-F (AF 025) 
(30 days @ 2 5 O C ) .  
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Figure 28. Gas Chromatogram of Gas-Off Products from 
Ink, MM 7133 FP (AF 042) (30 days @ 2 5 O C ) .  
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Figure 34. Gas Chromatogram of G a s - O f f  Products f rom 
Adhesive Material, A- 2 (AF 062) 
(14 days ti! 68OC). 
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F i g u r e  36. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
Form Non-Toxic EMS, EMS 361 (AF 0 6 9 )  
( 1 4  days @ 6 8 O C ) .  
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
TFE and Glass F i b e r ,  T e f g l a s  Tape 90,  
Storage C o n d i t i o n s  - 14 days B 68°C LOF 13 (AF 103) 
A - Air 
B = Ethanol  
C - Benzene 
0 - Toluene 
E = n-Butanol E 1 )Xy lene  
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Figure 39. Gas Chromatogram o f  Gas-Off P roduc t s  from 
TFE and Glass F i b e r ,  T e f g l a s  Tape 90, LOF 13 
(AF 103)  ( 1 4  days @ 6 8 O c ) .  
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Polyurethane, A206 
Storage Condltlons 
A = Air 
B - Toluene 
C = Xylene 
( A F  105)  - 60 days 
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C 25'C 
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Figure  40.  Gas Chromatogram of' G a s - O f f  P r o d u c t s  from 
Po lyure thane ,  ~ 2 0 6  (AF 105)  (60 days  @ 2 5 O C ) .  
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Silicone Elastomer. 6000-40 (AF 112) 
Storage Conditions - 90 days C 25'C 
A = Air 
B = Acetone 
C = Ethanol 
0 = Siloxanes 
E = Toluene 
F = n-Butanol 
G = Xylene 
E F  
F i g u r e  4 1 .  Gas Chromatogram of G a s - O f f  P roduc t s  from 
Silicone Elas tomer ,  6000-40 (AF 1 1 2 )  
( 9 0  days  @ 2 5 O C ) .  
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Figure 42. Gas Chromatogram of Gas-Off Products from 
Phenolic, Durez 17156 (AF 113) (90.days 43 2 5 O C ) .  
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Storage Conditions - 14 days B 68OC 
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Figu re  43. Gas Chromatogram of G a s - O f f  Products from 
S i l i c o n e  E las tomer ,  DC 340 ( A F  1 1 4 )  
( 1 4  days @ 68°C). 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Error 
An error occurred while processing this page. See the system log for more details. 
Y 
v1 
3 
a 
v: 
Y 
E 
E 
Y c 
P c c: m 
0 
a 
D 
Polyes ter /Glass .  1304/161 (AF 130)  
Storage Conditions - 14 days @ 6B°C 
A = Air 
B = Acetone 
c = Isopropanol 
0 = t-Butanol 
E = Benzene 
F = n-Propanol 
G = 2-Butanol 
H - n-Butanol 
I = Xylene 
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F i g u r e  52. Gas Chromatogram of  G a s - O f f  P roduc t s  from 
P o l y e s t e r / G l a s s ,  1304/161 (AF 1 3 0 )  
(14 days @ 6 8 O c ) .  
B 
Epoxy/Glass, Narmco 570 (AF 131)  
Storage C o n d i t i o n s  - 90 days B 25OC 
A = Air 
B = Acetone 
Figure 53. Gas Chromatogram o f  Gas-Off Produc t s  from 
Epoxy/Glass, Narmco S70 (AF 131) 
( 9 0  days  @ 2 5 O C ) .  
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Figure  54. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
Rubber Adhesive, Velco Adhesive-40 
( 1 4  days @ 68Oc). (AF 134) 
Corrosion Preventat ive  Resin SR-701 (AF 1 3 5 )  
Storage Condlttons - 30 days’@ 25OC 
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G a s  Chromatogram of G a s - O f f  P r o d u c t s  from 
Corros ion  P r e v e n t a t i v e  Res in ,  SR-701 
(AF 135) ( 3 0  days @ 25OC). 
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F i g u r e  56 .  Gas Chromatogram of Gas-Off Produc t s  from 
Epoxy/Glass, E7022 (AF 1 4 0 )  ( 1 4  days @ 68°C). 
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Sea l ing  Room, Grade A L o c t i t e  ( A F  1 4 1 )  
Storage Conditions - 1 4  days @ 68°C 
A = 2-Methyl Propene and Air 
B = C 6  Hydrocarbon 
C 2. Acetone 
D = Butyraldehyde 
E = Ethanol 
F - 1,3-Oioxolane 
G = 1,4-Dioxane 
H = Xylene 
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C, t o  C, Alkyl Benzenes 
M =  J l  
N = Acetophenone 
0 = 2-Phenyl ,2-oropanol ( n o t  shown)  
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Figure  57. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
S e a l i n g  Room, Grade A L o c t i t e  (AF 1 4 1 )  
( 1 4  days ti! 68°C). 
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S e a l a n t ,  L o c t i t e  AV(l0-10) (AF 142)  
Storage Condit ions - 30 days C 2 5 - C  
A = Methylpropene and Air  
B = C 5  Unsaturated Hydrocarbon 
C = C, Unsaturated Hydrocarbon 
0 = benzene 
E = 2-Butanone 
F = Toluene 
G = Xylene 
H = Methylethylbenzene 
1 IC,, Alkyl Benzenes F 
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Figure 58. Gas Chromatogram of  Gas-Off P r o d u c t s  from 
S e a l a n t ,  L o c t i t e  AV(10-10) (AF 1 4 2 )  
( 3 0  days @ 2 5 O C ) .  
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L o c t i t e ,  Grade C L o c t i t e  (AF 143) 
Storage Conditions - 14 days @ 68'C 
A = 2-Methyl Propene and Air 
B = C ,  Hydrocarbon 
C = Butyraldehyde 
D = Ethanol 
E = Benzene 
F = 1 ,3-0 ioxo lane  
G = Toluene 
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F i g u r e  59. Gas Chromatogramv:of G a s - O f f  P r o d u c t s  from 
Loctite, Grade C L o c t i t e  (AF 143)  
( 1 4  days @ 6 8 ° C ) .  
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F i g u r e  60.  Gas Chromatogram of G a s - O f f  P r o d u c t s  from 
Pheno l i c ,  Glass, 4030-190 (AF 208)  
(14 days  43 68Oc) .  
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Butyl .  SR 694-70 (AF 211) 
Storage Conditions - 14 days 13 68Oc 
A - Afr  
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Figu re  61. Gas Chromatogram of  Gas-Off P roduc t s  f rom 
Bu ty l ,  S R  694-70 (AF 2 1 1 )  ( 1 4  days  @ 68Oc). 
T F E ,  Teflon T-5 (AF 215)  
Storage Conditions - 14 days @ 68OC 
A = Air 
B = Benzene 
C - Toluene 
0 = Xylene 
Note: Tetraf luoroethylene and chloroform 
undetectable  by Gas Chromatography 
were ca lcu la ted  from Mass Spectrom- 
e t r y  data.  
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F i g u r e  62,  Gas Chromatogram of Gas-Off P r o d u c t s  from 
TFE, Teflon T-5 (AF 2 1 5 )  ( 1 4  days  @ 68°C). 
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Polyamide, Zytel 101 (AF 217) 
Storage Conditions - 60 days C 25'C 
A - A i r  
B = n-Propanol 
C = Toluene 
0 - Xylene 
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Figure  63. Gas Chromatogram o f  Gas-Off P roduc t s  from 
Polyamide, Z y t e l  1 0 1  (AF 217 )  
( 6 0  days @ 25OC). 
s i l i c o n e .  q 3-0079 (AF 221) 
Storage Conditions - 14 days @ 6 8 O C  
A = Air 
8 = Acetone 
C = Methyl Ethyl Ketone 
0 = Toluene and Trimethyl S i lano l  
E - Xylene 
S i l i c o n e  O i l  and Acetic  Acid were 
ca lcu la ted  f rom Mass Spectrometric 
Data. 
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Figure 64. Gas C h r o m a t o g r a m  o f  G a s - O f f  Products f r o m  
Silicone, Q 3-0079 (AF 2 2 1 )  
( 1 4  days 6? 6 8 ° C ) .  
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F i g u r e  65. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
S i l i c o n e ,  RTV 102 ( A F  223)  (14 days @ 6 8 O C ) .  
Epoxy Polyamide, Epon 828/Versanide 115 ( A F  228) 
Storage Conditions - 90 days @ 25°C 
A = A i r  
B = Benzene 
C = n-Propanol 
0 = 4-Methyl-2-pentanone 
A 
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Figure 66. Gas Chromatogram of Gas-Off Products from 
Epoxy Polyamide, Epon 828/Versamide 115 
(AF 228) ( 9 0  days @ 25OC). 
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Silicone’. RTV 560 (AF 232) 
Storage Conditions - 63 days @ 2 5 O C  
A = Air 
B = Methanol 
C = Acetone 
0 = Ethanol 
b 
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Figure 67. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
S i l i c o n e ,  RTV 5 6 0  (AF 232)  ( 6 0  days @ 2 5 O C ) .  
Epuxy/Glas, FF 95 (AF 240) 
Storage Conditions - 1 4  days @ 6 8 O C  
A = A i r  
E = Benzene 
C = Toluene 
]xy lenes  
xa I 
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F i g u r e  68. Gas Chromatogram of G a s - O f f  P roduc t s  from 
Epoxy/Glas, FF95 (AF 2 4 0 )  ( 1 4  days (3 68°C). 
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Thermal I n s u l a t i o n ,  MIN-K-503 (AF  244)  
S t o r a g e  C o n d i t i o n s  - 90 days @ 25°C 
A = A i r  
B = Benzene 
C = Toluene 
D - Xylene 
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xs 
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Figure 69. Gas Chromatogram of Gas-Off Products from 
Thermal Insulation, MIN- K- 503 (AF 244) 
( 9 0  days (4 25OC). 
S i l i c o n e ,  S i l a s t i c  651 (AF 2 4 5 )  
Storage C o n d i t i o n s  - 14 days @ 6E'C 
k = I ~ i r  
3 = Act tone 
C = S i l o x a n e s  
D = Toluene 
[ 1 /Xy lenes 
5 ' 5  Dic.i lorobenzene 
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X8 X32 
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F i g u r e  70. Gas Chromatogram o f  Gas-Off P roduc t s  from 
S i l i c o n e ,  S i l a s t i c  6 5 1  (AF 2 4 5 )  
(14 days  @ 68Oc) .  
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P o l y e s t e r .  400-Velvet  Coating ( A F  253) 
Storage Condit ions - 14 days B 6 8 O C  
.; = Air F = Toluene 
L1 = Acetone 
C = Erhaqol 8 Isopropanol 
J = Benzene 
E = ti-Propanol 
E 
I = C, Alkyl Benzene 
F 
A 
H 
xl 
0 4 8 12 16 20 24 
MINUTES 
Figure  71. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
P o l y e s t e r ,  400-Velvet Coat ing  (AF 258) 
( 1 4  days @ 6 8 O C ) .  
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Independent / 3 X ,  NAA (AF 2 5 9 )  
Storage Conditions - 14 days @ 68'C 
A = A i r  
8 = Methanol 
C = Acetone 
o = 2-Propanol 
E = Ethanol 
F = Benzene L = c 3  Alkyl Benzene 
G = n-Propanol 
H = Toluene 
I = n-Butanol' ; g lXylene  
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F i g u r e  72 .  Gas Chromatogram of Gas-Off P roduc t s  from 
Independent  73X, NAA (AF 2 5 9 )  
( 1 4  days @ 6 8 ° C ) .  
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Fluorolube O i l ,  FS-5 (AF 305)  
Storage Conditions - 60 days B 2 5 O C  
HOntOlOgOUS s e r i e s  of  chlorof luorocarbons.  
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F i g u r e  73. Gas Chromatogram of  G a s - O f f  P r o d u c t s  from 
Fluorolube O i l ,  FS-5 (AF 305) 
( 6 0  days @ 2 5 O C ) .  
Phenol Resin/Molyb D i s u l e ,  Everlube 620 (AF  308) 
S t o r a g e  C o n d i t i o n s  - 14 days @ 6S°C 
X8 X32 X8 
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A = A i r  .. .... 
S = Acetone 
C = Ethanol  and Isopropanol 
0 = Toluene 
Figu re  7 4 .  Gas Chromatogram of G a s - O f f  P roduc t s  from 
Phenol Resin/Molyb D i s u l e ,  Ever lube  620 
(AF 308) ( 1 4  days @ 68OC). 
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Lubricant Molyb Disigraphite Molykote X106 (AF 309) 
Storage Conditions - 14 days @ 68'C 
G =  1 Xylenes A = Air B = Methanol 
C = Ethanol & Isopropanol I = C 3  Alkyl Benzene 
D = sec-Butanol J = 2-Ethoxy Ethyl Acetate 
E = Toluene K = 2-n-Butoxy Ethanol 
F = n-Butanol L = Z-(Z-Ethoxyethoxy) 
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Figure  75. Gas Chromatogram of Gas-Off P roduc t s  from 
Lubr i can t  Molyb D i s i g r a p h i t e  Molykote Xl06 
(AF 309)  ( 1 4  days @ 6 8 O c ) .  
A 
Holyb Disule/Na Silicate, Electrofiln 2306 (AF 310) 
Storage Conditions - 14 days @ 6BoC 
A = Air 
B n-Butanol 
c = Xylene 
18 
Figure 76. Gas Chromatogram of  G a s - O f f  P roduc t s  from 
Molyb Disule/Na S i l i c a t e ,  E l e c t r o f i l m  2306 
(AI? 310) ( 1 4  days @ 68OC). 
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Paint ,  S i l v e r  Conductive (AF 312) 
Storage Conditions - 14 days B 6B°C 
A = Air F = n-Butanol 
6 = Ethanol & Isopropanol G = Xylene 
C = n-Propanol H = Ethoxy Ethyl Acetate  
J = Toluene I = 2n-Butouy Ethanol 
E = 2-Aethy1,Z-Butanol J = 2-(2-Ethoxyethoxy)Ethyl 
Acetate  
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Figure  77. Gas Chromatogram o f  Gas-Off Products from 
P a i n t ,  Silver Conductive (AF 312) 
( 1 4  days  @ 68Oc). 
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S e a l a n t ,  DC 4094 Primer (AF 315)  
Storage Condi t ions  - 14 days @ 68-C 
A = A i r  
B = Benzene 
Figure  78. Gas Chromatogram o f  Gas-Off P roduc t s  from 
S e a l a n t ,  DC 4 0 9 4  P r i m e r  (AF 315) 
( 1 4  days  @ 68°C).  
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C Sealant .  DC 90-092 i  pr t .  s i l i c o  ( A F  3 1 6 )  
Storage Conditions - 14 days P 68OC 
A = Air 
8 = Acetone 
C = iJenzene 
D = Toluene 
E - Xylene 
Figu re  79.  Gas Chromatogram o f  G a s - O f f  P roduc t s  
S e a l a n t ,  DC 90-092 1 p r t .  S i l i c o n e  (AF 316) 
( 1 4  days  ti! 68Oc). 
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S e a l a n t ,  R T V  11 S i l i c o n e  (AF 
Storage Condi t ions  - 14 days 
A = A i r  
B = Acetone 
c = Ethanol  
D = 2 - W t a n o n e  
E = n-Butanone 
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Figure  80. Gas Chromatogram of Gas-Off Products f r o m  
Sealant, RTV 11 S i l i c o n e  (AF 317) 
(14 days @ 6 8 O c ) .  
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Coating, Anti-Fray Solution, Sergene Anti-Fray (AF 320) 
Storage Conditions - 14 days @ 68'C 
A = Air 
8 = Toluene 
C = Xylene 
D = H i g h  M.U. Alkyl Benzene 
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Figure 81. Gas Chromatogram of Gas-Off Products from 
Coating, Anti-Fray Solution, Sergene 
Anti-Fray (AF 320) (14 days @ 68Oc). 
Adhesive. DC 140 Silicone (AF 329)  
Storage Cond i t ions  - 90 days @ 25'C 
A = Air 
B = Siloxanes 
C = Trimethyl Silanol 
A 
Figure 82. Gas C h r o m a t o g r a m  of G a s - O f f  Products f r o m  
Adhesive, DC 140 Silicone (AF 3 2 9 )  
( 9 0  days 8 25OC). 
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Green I n k ,  OPCO F-100 Ser Breen (AF 330) 
Storage Conditions - 90 days @ 25°C 
A = Air 
0 = Acetone 
C = Ethanol 
0 = Mesityl Oxide 
E = 2-Ethoxy Ethanol 
F = Xylene 
G = Diacetone Alcohol 
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Figure  83. Gas C h r o m a t o g r a m  of G a s - O f f  Products f rom 
Green Ink, OPCO F-100 S e r  Green (AF 330) 
( 9 0  days @ 2 5 ' C ) .  
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Cement, Clinco N O , ,  C ,  242 ( A F  3 3 6 )  
Storage Condit ions - 90 days I 25°C 
A = Air  G = n-Butanol 
B = Acetone 
C = Ethanol 
D = Benzene 
E = n-Propanol 
H =  
I }Xylene 
F i sec-Butano1 2 
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F i g u r e  84. Gas Chromatogram o f  Gas-Off P roduc t s  from 
Cement, Clinco N02, C ,  242 (AF 336) 
( 9 0  days  @ 25OC). 
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Thermoset P l a s t i c ,  Epiuond 122-Hrd 952 ( A F  337 )  
Storage Condit ions - 14 days @ 68°C 
A = Air 
B = tert-Outanol 
C = sec-Butanol 
U = Toluene 
E = n-Butanol 
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Figure 85. Gas Chromatogram of Gas-Off Products from 
Thermoset Plastic, Epibond 122-Hrd 952  
(AF 337) (14 days @ 68°C). 
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(AF 358 )  
S to rage  C o n d i t i o l i s  - 90 days B 25'C 
A = A i r  
S = k e t o n e  
C = Benzene 
U = T o l u e n e  
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F i g u r e  86. Gas Chromatogram of  G a s - O f f  P roduc t s  from 
(AF 358) ( 9 0  days @ 25'C). 
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Thermoset P l a s t i c .  Glidfoam 6059 /5027  ( A F  361) 
Storage Condit ions - 14 days B 68'C 
A = A i r  
B = Freon l i  
C = Isoproaanol 
0 = Toluene 
E = 2-nethyl-1-butanol  
F =  , ) ~ y i e n e  
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F i g u r e  87. Gas Chromatogram o f  G a s - O f f  P roduc t s  from 
Thermoset P l a s t i c ,  Glidfoam 6059/5027 
( AF  361) ( 1 4  days  @! 68°C). 
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Table  XXCV 
GAS CHROMATOGRAPHIC INSTRUMENT C O N D I T I O N S  
A l l  samples were ana lyzed  u s i n g  a flame i o n i z a t i o n  d e t e c t o r  and 
a F&M Model 810 Research  Gas Chromatograph. 
Ins t rumen t  Cond i t ions  
Column: 1 2 - f t  x 1/8- in .  O . D . ,  7% neopentylglycolsuccinate 
on 60180 mesh Gas-Pack F + 2 0- f t  x 1/4- in .  O . D . ,  
5% Carbowax 20M on 60/80 mesh Gas-Pack F. 
Column Temperature:  programmed 5Oo-185OC @ 8OC/min. 
D e t e c t o r  Temperature:  275OC 
I n j e c t i o n  P o r t  Temperature:  25OoC 
Flow S p l i t :  1 : g  
Flow Rate: 60 ml/min 
Range: 1 0  
A t t e n u a t i o n :  X8, o r  as no ted  
Sample S i z e :  25 c c  of gas 
APPENDIX I11 
ANALYSES OF BIO-ENVIRONMENTAL ATMOSPHERES 
Table XXCVI 
ANALYSIS OF ATMOSPHERE OF THOMAS DOME NO.  4 
(CONTAINING DOGS AND MONKEYS) 
Bio- environmental  Sample No. 1 
Compound 
Combined methyl  and e t h y l  amines 
Methane 
Acetone 
Carbon monoxide 
Methylene c h l o r i d e  
Benzene 
Toluene 
Xylene 
Diet hy 1 ke tone  
Methyl  i s o b u t y l  ke tone  
D i m e  t hy 1 f ormamide 
( t e n t a t i v e  i d e n t i f i c a t i o n )  
Phenol ( t e n t a t i v e  i d e n t i f i c a t i o n )  
Carbon d i s u l f i d e  
Hydrogen s u l f i d e  
S o l i d  ammonium s a l t s  (estimated) 
Level  i n  mg/m3 
12 
3 
4 
2 
8 
0.2 
0.1 
0.2 
2 
0.1 
0.004 
0 .008  
5 
5 
Table  X X C V I I  
A N A L Y S I S  OF CONTAMINATED B R E A T H I N G  OXYGEN 
Bio- environmental  Sample N o .  2 
Imp ur i t y Leve l  (ppm) 
Methane 25 
Carbon d i s u l f i d e  20-40 
Table  X X C V I I I  
ANALYSIS OF TEST CHAMBER ATMOSPHERES 
Bio- environmental  Samples No. 3 and No. 4 
Level  (ppm) 
Component Sample No. 3 Sample No. 4 
Hydro lys i s  p roduc t  of 
Hydrotherm 700-B* 
I1 
T r i c h l o r o e t h y l e n e  
100 
5 
10 
50 
0 . 5  
1 
* F u n c t i o n a l  f l u i d  comprised o f  mixed C 8  s i l i c a t e s .  
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